I n a prospective cohort study of 3,260 new Medicaremanaged care enrollees, we found that after adjusting for demographics, socioeconomic status, and baseline health, the hazard ratio for all-cause mortality was 1.52 for participants with inadequate versus inadequate health literacy. 1 However, some investigators have questioned whether tests of reading fluency such as the Test of Functional Health Literacy in Adults (TOFHLA) 2 , 3 may actually be measuring cognitive function and whether cognitive abilities may be the actual causal factor that affects health behaviors and outcomes for individuals with limited reading ability. [4] [5] [6] Reading skills are strongly associated with several cognitive domains, 4 and poorer cognitive ability has also been linked to medical understanding, 7 self-management skills, [8] [9] and higher mortality. [10] [11] [12] We analyzed whether measures of cognitive function independently predict mortality after adjusting for health literacy and whether the association between literacy and mortality changes after adjusting for cognitive abilities.
METHODS
The study design, health literacy levels, and characteristics of the study population have been described previously. 15 Performance on some MMSE items may depend on educational experience and literacy. 16 We chose to use MMSE measures that we thought a priori should be minimally influenced by educational experience or reading fluency: (1) delayed recall of 3 spoken items ("apple", "penny", and "table"); (2) the ability to follow 3-step oral instructions ("Take the paper in your right hand. Fold the paper in half. Put the paper on the floor"); and (3) the ability to copy overlapping pentagons (score 0 or 1). We also included the ability to perform 5 serial subtractions in increments of 7 starting from 100; each subtraction step was scored independently regardless of any prior errors. This measure may depend somewhat on education, but it is widely viewed as a measure of working memory, which is defined as the structures and processes used for temporarily storing and manipulating information. 17 We tracked deaths through 2003 using the National Death Index. All analyses were conducted using Stata version 9 (College Station, TX). Of 3,260 participants, 69 had missing data on cognitive functioning. The relationship between health literacy and time to death was examined using Kaplan-Meier curves and age-adjusted Cox proportional hazards models. This was repeated using cognitive abilities as the only independent variables. We then analyzed 3 multivariate models to examine the independent associations of literacy and cognitive abilities with mortality: Model 1 included literacy but not cognitive measures, Model 2 included cognitive measures but not literacy, and Model 3 included both. All models adjusted for age, sex, race, language, income, education, physical functioning, mental health, number of chronic diseases, ADL and IADL impairments, and study site.
RESULTS
Individuals with inadequate and marginal health literacy were more likely to die during follow up than those with adequate health literacy (38.4%, 28.4%, vs 18.9%, respectively; p<.001). Performance on the delayed recall, serially counting backward, and copying overlapping pentagons were significantly associated with mortality; however, performance on the 3-step command was not (Table 1) . Performance on the sequential subtraction showed a threshold effect with a higher mortality among those who completed ≤2 subtractions correctly (Table 1 ). Relative to participants who recalled all 3 items, the age-adjusted hazard ratios for death were 1.30 (95% CI 1.11-1.53), 1.46 (1.17-1.82), and 2.20 (95% CI 1.67-2.91) for those who correctly recalled 2, 1, or no items, respectively ( Fig. 1) .
After adjusting for baseline covariates (but not cognitive measures), the adjusted hazard ratio for time to death was 1.50 (95% CI 1.24-1.81) for participants with inadequate literacy compared to those with adequate literacy (Table 2, Model 1). Delayed recall and the ability to serially subtract were also independently associated with death when literacy was not included ( Table 2 , Model 2). Compared to participants who recalled all 3 items correctly, the adjusted hazard ratios for death for those who recalled only 2, 1, or 0 items correctly were 1.20 (95% CI 1.02-1.42), 1.29 (95% CI 1.03-1.62), and 1.74 (1.30-2.34), respectively. Those who completed 2 or less subtractions had an adjusted hazard ratio of death of 1.32 (95% CI 1.09-1.60) compared to those who completed 5 subtractions correctly.
In multivariate analysis with both health literacy and cognitive variables ( Table 2 , Model 3), literacy, delayed recall, and the ability to subtract were all significant. The hazard ratios for the cognition items in Model 3 were very similar to the model without literacy (Model 2). However, the adjusted hazard ratio for inadequate literacy in Model 3 was only 1.27 (95% CI 1.03-1.57) compared to 1.50 when cognitive abilities were not included (Model 1).
DISCUSSION
We found that both health literacy and cognitive abilities independently predicted mortality among elderly, communitydwelling individuals. Both reading comprehension and cognitive abilities are likely to be important for gaining health information and interacting with the health care system. For example, patients are often required to read prescriptions and other materials to successfully follow recommended treatments. However, many recommendations and instructions are spoken but never written, and patients must rely on their memory. Even when written, instructions often place high demands on working memory for comprehension and retention. 18 Individuals who are unable to meet these reading and cognitive demands are likely to have worse outcomes. When we included only Short Test of Functional Health Literacy in Adults (S-TOFHLA) performance in our multivariate models (i.e., without cognitive measures), the association was stronger than when cognitive abilities were included. This suggests that some of the association between health literacy and mortality is accounted for by individuals with lower health Figure 1 . Age-adjusted survival from the time of study enrollment according to the number of items correctly recalled after a brief delay*. *The p value was <.001 for age-adjusted differences in survival for individuals who recalled 0, 1, 2, or 3 items.
literacy having lower cognitive abilities. To understand this, we must examine what is required to complete the S-TOFHLA. For the reading comprehension passages, respondents must read prose in which words have been replaced by blanks and select the words that best complete the blanks. This requires decoding individual words, discerning the meaning of sentences when a word is missing, mentally placing the possible word choices into the blanks, and assessing whether the sentence makes sense. The 4 numeracy items in the S-TOFHLA similarly place demands on several cognitive abilities. Thus, although the S-TOFHLA is thought of as a measure of "health literacy," performance probably depends on a complex array of cognitive abilities, including word recognition, phoneme recognition and decoding of unfamiliar words, working memory, and judgment. When viewed from this perspective, it is not surprising that performance on the S-TOFHLA is correlated with measures of cognitive abilities. 19 In our initial multivariate model with only health literacy and no measures of cognitive abilities (Table 1, model 1) , the S-TOFHLA score likely acted as both a direct measure of reading comprehension and an indirect measure of cognitive abilities, and the adjusted hazard ratio for inadequate literacy was 1.50. When we included direct measures of cognitive abilities in the multivariate models (Table 1, model 3) , the adjusted hazard ratio for inadequate literacy decreased to 1.27 because the S-TOFHLA was no longer serving as a surrogate measure for cognitive abilities.
There are important limitations to this study. The S-TOFHLA is not a comprehensive measure of health literacy. In a similar way, we had only a limited set of measures of cognitive abilities. The strength of the associations between health literacy, cognitive abilities, and mortality depend on the precision with which these domains are measured. Additional studies with more accurate and extensive measures are needed.
The finding that both reading comprehension and cognitive abilities predict mortality has important implications for provider-patient communication and designing health education programs. Efforts to overcome the learning barriers posed by limited health literacy over the last decade have focused on simplifying written materials. However, if cognitive abilities such as memory are also important, these strategies will not be enough. More recently, researchers have advised the use of "teach-back" techniques in which health care providers have patients repeat back in their own words explanations of diseases and treatment plans to confirm understanding. This procedure will identify individuals who either failed to understand the material initially and those who forgot information that was originally understood. "Teach-back" and "teach to goal" strategies, in which comprehension is formally assessed and information is repeated if necessary until understanding is achieved, are complementary strategies to plain language communication that should help minimize the impact of differences in cognitive abilities on patients' learning. There is also an emerging literature on ways to decrease the "cognitive load" of multimedia educational tools and improve comprehension. 20 Studies are greatly needed to understand how to design health communication tools so all patients can understand the essential information necessary for proper self-management and be motivated and empowered to use this information to improve their health.
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